variety of movements since it

was built in 1770. Situated at the
junction of the Stainforth and
Keadby Canal and the River Trent
near  Scunthorpe in  north
Lincolnshire, the lock was the gate-
way to the North Sea for much of
the manufacturing goods from the
nearby industrial city of Sheffield. It
is the oldest in the UK and its status
as Scheduled Ancient Monument
puts it in the same league as
Stonehenge.

The lock is 23m long, 7m wide
and 7m deep and has three cham-
bers. Its walls, built from lime rubble
with a stone facing, are 1.8m thick
and founded on timber beams
stretching across the lock between
them, just below the base.

From the start, heave of the floor
and settlement of the walls caused
hogging of the timber beams in the
centre of the lock base. While verti-
cal wall settlement dominated in the
dock’s early life, this movement has
now been overtaken by additional
inward rotation of the walls.

British Waterways began moni-
toring movements in 1997, as part of
its asset management policy.
Ongoing inward rotation of the lock
walls was identified, between 2mm
and 4mm each year at coping level.

The lock is built in a significant
depth of soft to firm alluvial clays.
Ground conditions are very poor
over the top 13m, comprising a
soft to firm slightly sandy silt
down to 8m and then a soft to firm
slightly organic sandy clay down to
13m. Weak Mercia Mudstone is
beneath.

A feasibility study and site inves-
tigation carried out by consultant
Mott MacDonald and completed in
January 2003 concluded that a sup-
port cradle built around the lock
was needed to resist the active
ground pressures acting on the
walls.

Contiguous bored pile walls
down each side of the lock were to
form the vertical elements of the
cradle, with jet grouting beneath
the lock and its walls to beyond the
new pile walls as the horizontal
element. Pile capping beams would

Keadby Lock has experienced a
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be cast with reinforced concrete
beams between the original timbers
running across and beneath the
dock floor. Finally, the lock walls
would be stabilised by installing
steel ties and grouting up voids.

It was clear to British Waterways
and its omnibus framework contrac-
tor GallifordTry that remedial
works were going to present a
significant geotechnical challenge.
So it decided to approach three
major geotechnical contractors sev-
eral months before site work was
due to start.

This allowed each firm time to
produce budget costs for the feasi-
bility scheme and at the same time
encouraged them to develop alter-
natives and improvements. Work
was let on an NEC Option D target
cost contract with shared “pain and
gain”.

Cementation Foundations Skan-
ska was chosen as the preferred con-
tractor to develop the detailed
scheme in July 2003. This allowed
five months to optimise the design,
before site work began in
November.

“The overall philosophy of our
scheme was to incrementally
strengthen the old lock walls using
small plant, and then to form the
support cradle around the whole
lock wusing larger equipment,”
Cementation ground engineering
technical manager Jim Martin
explains.

Four aspects of its proposal
helped Cementation win the con-
tract, he says.

“We decided to use CFA piles
instead of rotary bored piles for
the wall; to use a precast rather
than cast insitu pile capping

beam; to use minipiles in the
lock base rather than jet grouting;
and to fully integrate piling and

ground engineering techniques.”

Design of the complex scheme
would have been difficult using con-
ventional geotechnical design tech-
niques, Martin continues.

Cementation  worked  with
Geotechnical Consulting Group
director Hugh St John to “optimise
the remedial scheme, with detailed
analysis of the interaction between
the ground, the old structure and
the new work”.

GCG’s Nesha Kovacevic mod-
elled the original construction con-
cept and subsequent remedial works
in a number of stages using ICFEP
(Imperial College finite element pro-
gram).

“To transfer the soil pressures
from the old to the new structure it
had to be assumed that the timber
beams in the base of the lock had
rotted away and stopped providing
any support after the remedial
works had been completed,” Martin
explains.

This generated the worst credible
forces in the new works, which
Cementation was then able to use to
design the individual geotechnical
elements. York-based consultant
Dossor Group designed the precast
and insitu concrete beams.

“There were several intensive
meetings between all the parties
involved, where potential design
and construction risks were fully
discussed.

“These meetings were often diffi-
cult, but in the end they produced
the optimum cost effective solution
for the client,” Martin says.

The overall target cost for the
scheme was agreed in October 2003
at £1.15M, with Cementation’s con-
tract worth £600,000.

“Various items were also added
to the risk register, including
£20,000 for coring barrels if the
CFA piles encountered obstruc-
tions,” Martin adds.

The 22-week contract began on
site at the beginning of November.
The deadline for completion could
not be moved — British Waterways
has to reopen the lock due to canal
traffic by Easter.

After establishing site offices,
GallifordTry sealed off the lock and

Early geotechnical
involvement was key to
the success of a
complex scheme to
protect an historic canal
lock in north-east
England.
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Proposed works drained it. Temporary bracing was
installed between the walls, the lock
gate balance beams removed and
the piling platform prepared.

First stage of Cementation’s work
Reinforced started in December, with installa-
concrete beams . :
between existing tion of the horizontal anchors
timber beams through the lock walls. A total of

150, 1.5m long stainless steel Cintec
anchors went in along each side on
a nominal 1.8m by 1.8m triangular
grid.

English Heritage was concerned
about the visual impact of anchor
installation, so cores taken through
the lock face were carefully num-
bered and stored and then reinserted
after anchoring was finished.

Just before Christmas, Cemen-
tation’s 10t Casagrande M6 drill rig
arrived on site to start installing the
60, 120mm diameter vertical minip-
iles through the walls using rotary
percussion drilling.

The minipiles were carefully
placed between the anchors and
provide further reinforcement for
the walls.

Additional probe drilling checked
for obstructions along the line of the
CFA wall. Simple pullout tests in

Grouted steel ties

~— Coping stone

Made ground
soft clay

Alluvium soft
silty clay:

Jet grouting

Mercia mudstone

Final works

Cintec anchors

Inclined

passive ties the bedrock were also carried out to
remove risks from later stages of
construction and confirm design
assumptions.
The precast concrete blocks for
the capping beams began arriving
= -~ T from Solway Precast in early
Extreme congestion on the small Goiicltihen E;""gfe';gw January and were installed within
site made close co-operation beams beams two weeks.
paramount. A 40t CM48 CFA piling rig
CFA pile wall — arrived in late January and installed
Right: Cementation’s design fully | | 82, 600mm diameter and 14m deep
integrated piling and ground = = piles in two and a half weeks.
engineering techniques. ~—— Vertical minipiles “By this stage the small site was
x . T - extremely congested and close co-
Below: Geotechnical work has | ; operation between everyone was
provided a “support cradle” around Minipiles paramount,” Martin says. “Our
the lock. : = = competitors didn’t believe CFA pil-
g t i ing was possible in such a restricted
o site — they were wrong.”

A Casagrande M6 then followed
behind the CFA machine, installing
200mm diameter raking passive ties
using rotary duplex water flushed
drilling.

“Passive anchors were used
instead of highly stressed tendon
anchors because of the potential
wall movement in the poor ground,”
Martin explains.

The final stage was to remove the
central bracing and lower the
Casagrande M6 drill rig into the
base of the lock to install the invert
level minipiles. Cementation fin-
ished in March, leaving site to allow
GallifordTry to cast the insitu
beams in the base, reconnect the bal-
ance beams and complete other
minor works, ready for the reopen-
ing of the lock at Easter.

Martin believes the procurement
strategy adopted, with specialist
geotechnical contractors involved
from the early stages of the project,
proved  very successful.“This
extremely complex scheme should
finish on programme and at the
agreed target cost.” n
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